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Introduction: Although prevention of the disease and its spread is the primary goal in the fight
against the pandemic, studies on the correct management of those who have the disease and the
predictability of the prognosis are also important. This study aimed to determine whether
lymphocyte-C-reactive protein ratio, together with other inflammation markers, would be useful
in predicting intensive care unit admission and mortality in Coronavirus disease 2019 cases.
Material and methods: 883 patients were followed in 758 wards and 125 intensive care units.
Data of the patients included in the study were compared with those admitted to the service and
intensive care unit, and with those who survived and developed mortality.

Results: According to the receiver operating characteristic analysis to distinguish the patients
followed in the intensive care unit from the patients hospitalized in the ward that was
determined that lymphocyte-C-reactive protein ratio, C-reactive protein ratio, CRP-albumin
ratio, and neutrophil-lymphocyte ratio were moderate (70%-80%). D-dimer was good (80%-
90%) predicting follow-up in intensive care unit. Increase in age, increase in lactate
dehydrogenase and interleukin-6 levels, and uptake in tomography were determined as
independent risk factors that increase intensive care unit admission. 243 (27.5%) of the patients
were mortal. The mean age of the patients with a mortal course was 70+14 years, and mortality
increased with increasing age. In the receiver operating characteristic analysis of patients with
a mortal course that was determined that lymphocyte-C-reactive protein ratio, neutrophil-
lymphocyte ratio, and D-dimer had a good (80-90%) ability to distinguish patients with a mortal
course. Age, fever, and increases in lactate dehydrogenase and interleukin-6 levels were
determined to be independent risk factors increasing mortality.

Conclusions: Low lymphocyte-C-reactive protein ratio and high D-Dimer, neutrophil-
lymphocyte ratio, and CRP-albumin ratio can be used in clinical monitoring to reduce morbidity
and mortality rates due to COVID-19.

© 2023 The Authors. Published by Iberoamerican Journal of Medicine. This is an open access article under the
CC BY license (http://creativecommons. org/licenses/by/4.0/).
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Introduccidn: Si bien la prevencién de la enfermedad y su propagacion es el objetivo principal
en la lucha contra la pandemia, también son importantes los estudios sobre el correcto manejo
de los pacientes con la enfermedad y la previsibilidad del prondéstico. El objetivo de este estudio
fue determinar sila proporcién de linfocitos y proteina C reactiva, junto con otros marcadores
inflamatorios, seria util para predecir el ingreso a la unidad de cuidados intensivos y la
mortalidad en casos de enfermedad por coronavirus en 2019.

Material y métodos: Se siguieron 883 pacientes en 758 salas y 125 unidades de cuidados
intensivos. Los datos de los pacientes incluidos en el estudio se compararon con los ingresados
en el servicio y unidad de cuidados intensivos, y con los que sobrevivieron y desarrollaron
mortalidad.

Resultados: Segun el analisis de las caracteristicas operativas del receptor para distinguir los
pacientes seguidos en la unidad de cuidados intensivos de los pacientes hospitalizados en el
servicio, se encontré que la relacién linfocitos a proteina C reactiva, proteina C reactiva a
albiimina y neutrdéfilos a la proporcién de linfocitos fue moderada y el dimero D fue bueno para
predecir el seguimiento en la unidad de cuidados intensivos. Se encontré que el aumento de la
edad, el aumento de los niveles de lactato deshidrogenasa e interleucina-6 y la captacién en la
tomografia eran factores de riesgo independientes para el ingreso a la unidad de cuidados
intensivos. 243 (27,5%) de los pacientes fallecieron. En el andlisis de las caracteristicas
operativas del receptor de pacientes con un desenlace fatal, se encontré que la proporcion de
linfocitos a proteina C reactiva, la proporcién de neutréfilos a linfocitos y el dimero D tenian
una buena capacidad para discriminar a los pacientes con un desenlace fatal. Se encontré que
la edad, la fiebre y los niveles elevados de lactato deshidrogenasa e interleucina-6 eran factores
de riesgo independientes para una mayor mortalidad.

Conclusiones: Una proporcién baja de linfocitos a proteina C reactiva y una proporcion alta de
dimero D, neutroéfilos a linfocitos y PCR a albiimina se pueden utilizar en el seguimiento clinico
para reducir las tasas de morbilidad y mortalidad debido a COVID-19.

© 2023 Los Autores. Publicado por Iberoamerican Journal of Medicine. Este es un articulo en acceso abierto
bajo licencia CC BY (http://creativecommons. org/licenses/by/4.0/).
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disease. Prognostic predictors are of great importance for the

1. INTRODUCTION

rapid response and optimal use of the healthcare system
during the ongoing COVID-19 pandemic. The importance

Coronavirus disease 2019 (COVID-19), which began in
China in December 2019 and caused a pandemic, has caused
a huge loss of life around the world. As of 16 February 2023,
it is reported that approximately 756 million people have
been infected and 6.8 million people have died worldwide.
In Turkey, it is reported that 17 million people have been
infected, and 101 thousand people have died [1]. The
coronavirus has been a cause of mortality and morbidity,
especially in the elderly and those with comorbidities, by
causing multi-organ failure, manifested by laboratory and
clinical dysfunction in various systems. However, it is
difficult to predict the course and severity of the COVID-19
infection during hospital admission. Rapid assessment of the
severity of the disease and the need for intensive care in the
early stages of the disease is important for the course of the

of having objective data to predict ICU admissions and
mortality has increased even more during the pandemic
period. Although the primary goal is to prevent the disease
and stop its spread during the pandemic, studies on the
correct management of patients and the predictability of the
prognosis are also important [2].

The S1 subgroup of the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) surface spike protein
stimulates the production of angiotensin 1 by binding to the
angiotensin-converting enzyme 2 (ACE2) receptor.
Angiotensin converting enzyme (ACE) then converts
angiotensin 1 to angiotensin 2, which binds to the
angiotensin receptor and increases endothelin-1 levels. A
diffuse inflammatory response occurs with the release of
pro-inflammatory cytokines and interleukins. Large scale
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unregulated production of interleukin, particularly
interleukin-6 (IL-6), stimulates multiple inflammatory
pathways. It increases the production of acute phase
reactants such as C-reactive protein (CRP) and the
mobilization of neutrophils. This explains the relative
lymphopenia seen in severe manifestations of SARS-CoV-2
infection, possibly with stress-induced neutrophilia [3, 4].
Typically, the lymphocyte to CRP ratio (LCR) is used as a
prognostic marker for several types of cancer, including
colorectal and gastric cancer [5, 6]. As hyperinflammation
is known to be the main cause of poor prognosis in COVID-
19 disease, combinations of biomarkers reflecting the
inflammatory state may be a good alternative in this regard
[7]. Since SARS-CoV-2 is highly correlated with high viral
load, low lymphocyte count and high CRP value, we thought
that low LCR might help predict disease severity. Therefore,
the aim of this study was to determine whether LCR,
together with other markers of inflammation, would be
useful in predicting ICU admission and mortality in COVID
19 cases.

2. MATERIAL AND METHODS

In our study, the information of 955 patients over 18 years
of age who were hospitalised for more than three days in the
pandemic service or intensive care units between 01-06-
2020 and 28-02-2022 and who had a positive COVID-19
reverse transcription-polymerase chain reaction (COVID
RT-PCR) test was scanned. 883 patients with complete
information in the database were included in the study. The
data of the patients included in the study were compared
with those in the service and intensive care unit (ICU) group
who survived and developed mortality.

After hospitalisation, blood tests including prognostic
factors for COVID-19 disease (such as haemogram, alanine
aminotransferase (ALT), aspartate aminotransferase (AST),
urea, creatinine, D-dimer, ferritin, fibrinogen, CRP) are
routinely checked. The routine tests studied and the data to
be analysed were retrieved retrospectively from the hospital
information system. Patient demographics, underlying

diseases, ICU admission, and clinical characteristics such as

Variable Total (n=883) Service (n=758) ICU (n=125) pvalle
Values expressed as n (%) or mean+SD
Age (years) 59+17 58+17 69+15 <0.001
<40 years 129 (14.6) 125 (16.5) 4(3.2) <0.001
40-65 years 413 (46.8) 375 (49.5) 38 (30.4)
65+ years 341 (38.6) 258 (34.0) 83 (66.4)
Gender
Male 513 (58.1) 439 (57.9) 74 (59.2) 0.787
Female 370 (41.9) 319 (42.1) 51 (40.8)
Comorbid Diseases
HT 267 (30.2) 220 (29) 47 (37.6) 0.053
Myocardial infarction 7 (0.8) 6 (0.8) 1(0.8) 1.000
Heart Failure 29 (3.3) 20 (2.6) 9(7.2) 0.014
PAd 15 (1.7) 10 (1.3) 5(4) 0.048
CVA 23 (2.6) 15 (2) 8 (6.4) 0.010
COPD 30 (3.4) 16 (2.1) 14 (11.2) <0.001
Diabetes 219 (24.8) 179 (23.6) 40 (32) 0.044
Renal Disease 50 (5.7) 37 (4.9) 13 (10.4) 0.024
Leukemia, Lymphoma 10 (1.1) 8 (1.1) 2 (1.6) 0.640
Solid tumors 38 (4.3) 24 (3.2) 14 (11.2) <0.001
Saturation at admission 94.5+5.1 95+3.9 89.5+10.6 <0.001
Complications 117 (13.3) 86 (11.4) 31 (24.8) <0.001
ARDS 15 (1.7) 8(1.1) 7 (5.6) 0.002
Acute Renal Failure 27 (3.1) 21 (2.8) 6 (4.8) 0.256
HD need 7(0.8) 4 (0.5) 3(2.4) 0.063
PTE 24 (2.7) 14 (1.8) 10 (8) 0.001
Hyperglycemia 23 (2.6) 22 (2.9) 1(0.8) 0.233
Stroke 21 (2.4) 14 (1.8) 7 (5.6) 0.020
GIS bleeding 12 (1.4) 10 (1.3) 2 (1.6) 0.682

HT: hypertension; Pad: peripheral artery disease; CVA: cerebrovascular accident; COPD: chronic obstructive pulmonary disease;
ARDS: acute respiratory distress syndrome; HD: hemodialysis; PTE: pulmonary thromboembolism; GIS: gastrointestinal system.

need for mechanical ventilation, laboratory findings,
treatments and outcomes were obtained from the hospital
electronic database system.

The ethics committee of a tertiary education and research
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hospital approved the study (ethics committee decision no:
2/14, date: 20/01/2022).

difference in terms of ICU admission according to gender.

The most common comorbidities in our patients were

Variable Total (n=883) Service (n=758) ICU (n=125) p-value
Values expressed as n (%) or mean+SD
Creatinine, mg/dL 1.3+1.1 1.2+0.9 1.9+1.7 <0.001
ALT, U/L 47.3+£107.5 38.5+48.6 100+£252.8 0.001
AST, U/L 71+£239.2 55+206.1 169.2+£371 <0.001
Albumine, g/L 3.7+2.6 3.8+2.2 3.7+4.3 <0.001
LDH, U/L 421.4+624.1 361.5+493.5 777.2+1057.4 <0.001
CRP, mg/L 96.8+90.6 83.6+78.9 176.7£113.1 <0.001
WBC, x 103mm? 8.5+5.9 7.5+4.3 14.6+9.5 <0.001
Haemoglobin, g/dL 12.3+2.1 12.5+2 11.4+2.4 <0.001
Platelet, x 103/mm? 219.3+94.9 217.9+88.9 228.3+125.7 0.527
Lymphocyte, x 103/mm? 1159.8+1031.8 1145+642.2 124942246 <0.001
NLR 8.8+9 7.3£7.1 17.3+£13.3 <0.001
CAR 30.94£34.3 25.4+27.6 64.3+48.8 <0.001
PLR 250.2+164.2 239.3+153.7 316.5+206.3 <0.001
LCR 44+67.8 48.1+69.7 194473 <0.001
D-dimer, ug/L 1210.3+4242.5 691.6+1682.1 4355.5+9956.7 <0.001
Fibrinogen, g/L 491.1+194.6 485.4+186 516.4+227.8 0.109
Ferritin, ng/mL 455.5+1219.4 395.1+£1134.2 1282.5+1890.3 <0.001
IL-6, pg/mL 323.74962.3 110.54271.1 1079.8+1808.6 <0.001

ALT: alanine aminotransferase; AST: aspartate aminotransferase; LDH: lactate dehydrogenase; CRP: C-reactive protein; WBC:

white blood count; NLR: neutrophil lymphocyte ratio; CAR: CRP albumin ratio; PLR: platelet to lymphocyte ratio; LCR: lymphocyte

to CRP ratio); IL-6: interleukin 6.

Patient data collected in the study were analysed using the
IBM Statistical Package for the Social Sciences (SPSS) for
Windows 23.0 (IBM Corp., Armonk, NY). Frequency and
percentage for categorical data and, mean and standard
deviation for continuous data were used as descriptive
values. "ANOVA Test" was used for comparisons between
groups, and "Chi-square or Fisher's Exact Test" was used for
comparison of categorical variables. The Post-Hoc Tukey
test was used to determine which groups caused the
significant difference in the variables that showed a
significant difference because of the ANOVA test. ROC
analysis was performed and the ROC curve was drawn for
the parameters thought to have a distinctive effect on ICU
admission and survival. Logistic regression analysis was
also used to identify risk factors for ICU admission and
survival. Results were considered statistically significant if
the p-value was less than 0.05.

3. RESULTS

883 patients were evaluated in the study, of whom 758 were
patients followed in the ward and 125 in the ICU. The mean
age of the patients was 59+17 years, and 58.1% (n=513)
were male. The mean age of the patients followed in the ICU
was 69+15 years, and ICU admission was significantly
higher in patients over 65 years of age. There was no

hypertension (HT), diabetes mellitus (DM), renal failure and
malignancy. Patients with DM, chronic kidney disease, heart
failure, peripheral arterial disease (PAH), cerebrovascular
accident (CVO), chronic obstructive pulmonary disease
(COPD) and solid tumours were more likely to be admitted
to the ICU. Patients in the ICU had significantly lower
saturations on first admission than those in the service.
Patients who developed acute respiratory distress syndrome
(ARDS), pulmonary thromboembolism (PTE), and stroke
because of COVID-19 complications were significantly
more likely to be followed in the ICU (Table 1). Creatinine,
ALT, AST, lactate dehydrogenase (LDH), CRP, leukocyte
count, lymphocyte count, D-dimer, ferritin, IL-6, neutrophil
to lymphocyte ratio (NLR), C-reactive protein to albumin
ratio (CAR), platelet to lymphocyte ratio (PLR) were
significantly higher in patients followed in the ICU than in
those followed in the service (p<0.05). LCR, haemoglobin
and albumin levels were significantly lower in ICU patients
(p<0.05) (Table 2).
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Risk Factor AUC (95% CI) Cut-off p-value Sensitivity (%) Specificity (%)
CRP 0.755 (0.707-0.804) >117 <0.001 66.4 74.1
D-dimer 0.830 (0.796-0.865) >360 <0.001 85.6 66.1
NLR 0.797 (0.754-0.841) >8.9 <0.001 75.2 74.9
PLR 0.609 (0.548-0.670) >300.9 <0.001 48.8 74.8
CAR 0.763 (0.713-0.812) >46.3 <0.001 57.6 83.6
LCR 0.743 (0.695-0.791) <8.87 <0.001 71.2 68.9

CRP: C-reactive protein; NLR: neutrophil lymphocyte ratio; CAR: CRP albumin ratio; PLR: platelet to lymphocyte ratio; LCR:
lymphocyte to CRP ratio).

Table 3 shows the results of the ROC analysis performed to
examine the differential effect of CRP, D-dimer, NLR, PLR,
CAR, and LCR in discriminating patients followed in the
ICU from those admitted to the ward. Using a cut-off value
of <8.87 for LCR, the area under the curve was 74.3%. For

CRP, leukocyte count, D-dimer, IL-6, NLR, PLR and CAR
increase and LCR decrease and CT scan uptake were found
to increase ICU admission in univariate analysis. The
presence of comorbidity in the patients increased ICU
admission 2.18 fold, shortness of breath 1.65 fold, and

Table 4: Evaluation of Risk Factors Affecting Intensive Care Unit Admission

Variable Univariate Multivariate
Odds ratio (95% CI) p-value Odds ratio (95% CI) p-value
Age 1.05 (1.03-1.06) <0.001 1.05 (1.00-1.10) 0.033
Gender
Female Reference -
Male 1.05 (0.72-1.55) 0.787
Comorbidity 2.18 (1.47-3.21) <0.001 0.71 (0.22-2.28) 0.569
Fever 1.24 (0.81-1.90) 0.321
Cough 0.37 (0.24-0.57) <0.001 0.97 (0.32-2.90) 0.952
Respiratory Distress 1.65 (1.13-2.42) 0.010 0.93 (0.30-2.87) 0.897
Creatinine 1.45 (1.26-1.68) <0.001 1.49 (0.92-2.42) 0.105
ALT 1.006 (1.003-1.008) <0.001 1.002 (0.991-1.014) 0.721
LDH 1.001 (1.000-1.002) <0.001 1.004 (1.001-1.007) 0.005
CRP 1.010 (1.007-1.012) <0.001 1.008 (1.000-1.019) 0.109
WBC 1.18 (1.14-1.22) <0.001 1.04 (0.92-1.17) 0.559
Lymphocyte 1.00 (1.00-1.00) 0.320
NLR 1.10 (1.08-1.13) <0.001 0.92 (0.84-1.01) 0.051
D-Dimer 1.001 (1.000-1.002) <0.001 1.000 (1.000-1.001) 0.638
IL-6 1.001 (1.000-1.002) 0.004 1.001 (1.000-1.002) 0.003
Tomographic involvement 0.38 (0.19-0.77) 0.008 0.23 (0.06-0.86) 0.030
PLR 1.002 (1.001-1.003) <0.001 1.003 (0.999-1.008) 0.153
CAR 1.027 (1.022-1.033) <0.001 0.998 (0.969-1.027) 0.871
LCR 1.024 (1.014-1.034) <0.001 1.048 (0.984-1.117) 0.146

ALT: alanine aminotransferase; LDH: lactate dehydrogenase; CRP: C-reactive protein; WBC: white blood count; NLR: neutrophil
lymphocyte ratio; CAR: CRP albumin ratio; PLR: platelet to lymphocyte ratio; LCR: lymphocyte to CRP ratio); IL-6: interleukin 6.

other parameters, the area under the curve and cut-off values
were respectively; 75.5% and 117 for CRP, 83% and 360 for
D-dimer, 79.7% and 8.9 for NLR, 60.9% and 300.9 for PLR,
76.3% and 46.3% for CAR. The area under the curve shows
the statistical significance of the discriminatory ability of the
diagnostic test. In our study, LCR, CRP, CAR, NLR were
found to be moderate (70-80%), PLR weak (60-70%) and
D-dimer good (80-90%) tests for predicting ICU follow-up.
The distribution of risk factors influencing ICU admission
of the patients in the study is shown in Table 4. Age,
presence of comorbidities, cough, dyspnoea, ALT, LDH,

increased creatinine levels 1.45 fold. When the parameters
that showed a significant difference in the univariate
analysis were re-evaluated in the multivariate analysis,
increasing age, increasing LDH, increasing IL-6 levels and
uptake on tomography were identified as independent risk
factors for increasing ICU admission.

Of the 883 patients included in the study, 640 survived and
243 (27.5%) died. The mean age of patients with a mortal
outcome was 7014 years, and it was observed that
mortality increased with increasing age, especially in
patients over 65 years of age, mortality was significantly
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higher than in other age groups (p<0.05). There was no
difference in mortality according to sex. Patients with DM,
chronic kidney disease (CKD), heart failure, PAH, CVO,
COPD and solid tumours had higher mortality. Mortality
was significantly higher in patients with low oxygen
saturation on hospital admission. Mortality was significantly
higher in patients with complications, and mortality was
significantly higher in patients who developed acute renal
failure, ARDS, PTE, and stroke (Table 5). The levels of
creatinine, ALT, AST, LDH, CRP, leukocyte count, D-
dimer, fibrinogen, ferritin, IL-6, NLR, CAR, PLR were
significantly higher in the patients who survived (p<0.05).
LCR, haemoglobin and albumin levels were significantly
lower (p<0.05) (Table 6).

CRP and CAR moderate (70-80%), LCR, NLR and D-dimer
at a good level (80-90%).

An examination of the risk factors affecting mortality in the
patients included in the study is shown in Table 8. In
univariate analysis, age, presence of additional diseases,
presence of fever, cough and shortness of breath, creatinine,
ALT, LDH, CRP, leukocyte count, D-dimer and IL-6
elevation, uptake on tomography, increase in NLR, PLR and
CAR, and decrease in LCR were identified as factors
increasing mortality. The presence of comorbidity in
patients increased mortality 2.53 times, fever 2.27 times,
shortness of breath 2.23 times, and the increase in creatinine
values 1.45 times. When the parameters that showed a
significant difference in univariate analysis were re-

Table 5: Comparison of demographic data of patients who survived and exitus

Variable Total (n=883) Survived (n=640) Exitus (n=243) p-value
Values expressed as n (%) or mean£SD
Age (years) 59+17 55+16 7014
<40 years 129 (14.6) 121 (18.9) 7(2.9) <0.001
40-65 years 413 (46.8) 335(52.4) 78 (32.1) <0.001
65+ years 341 (38.6) 183 (28.6) 158 (65) <0.001
Gender
Male 513 (58.1) 368 (57.6) 145 (59.7) 0.576
Female 370 (41.9) 271 (42.4) 98 (40.3)
Comorbid Diseases
HT 267 (30.2) 175 (27.4) 92 (37.9) 0.002
Myocardial infarction 7(0.8) 5(0.8) 2(0.8) 1.000
Heart Failure 29 (3.3) 9(1.4) 20 (8.2) <0.001
PAd 15 (1.7) 5(0.8) 10 (4.2) 0.002
CVA 23 (2.6) 11 (1.7) 12 (4.9) 0.015
COPD 30 (3.4) 13 (2) 17 (7) 0.001
Diabetes 219 (24.8) 141 (22.1) 78 (32.1) 0.002
Renal Disease 50 (5.7) 25 (3.9) 25 (10.3) <0.001
Leukemia, Lymphoma 10 (1.1) 4 (0.6) 6 (2.5) 0.031
Solid tumors 38 (4.3) 9(1.4) 29 (11.9) <0.001
Saturation at admission 94.545.1 95.2+4 91.9+7.4 <0.001
Complications 117 (13.3) 56 (8.8) 61 (25.2) <0.001
ARDS 15 (1.7) 2(0.3) 13(5.3) <0.001
Acute Renal Failure 27 (3.1) 10 (1.6) 17 (7) <0.001
HD need 7(0.8) 3(0.5) 4 (1.6) 0.096
PTE 24 (2.7) 5(0.8) 19 (7.8) <0.001
Hyperglycemia 23 (2.6) 21 (3.3) 2(0.8) 0.070
Stroke 21(2.4) 8(1.3) 13 (5.3) 0.001
GIS bleeding 12 (1.4) 9 (1.4) 3(1.2) 1.000

HT: hypertension; Pad: peripheral artery disease; CVA: cerebrovascular accident; COPD: chronic obstructive pulmonary disease;
ARDS: acute respiratory distress syndrome; HD: hemodialysis; PTE: pulmonary thromboembolism; GIS: gastrointestinal system.

Table 7 shows the results of the ROC analysis to examine
the differential effect of CRP, D-dimer, NLR, PLR, CAR
and LCR in separating the patients who died from those who
survived. The area under the curve for LCR was 80.6%,
while the cut-off value was <8.83. For other parameters, the
area under the curve and cut-off values were 76.4% and
116.5% for CRP, 82.9% and 458 for D-dimer, 81.6% and
8.9% for NLR, 61.3% and 210.9 for PLR, 78% and 37.1%
for CAR. It was found that it was able to discriminate
patients with a mortal course, with weak PLR (60-70%),

evaluated in multivariate analysis, age, fever, increase in
LDH and IL-6 levels were identified as independent risk
factors increasing mortality.

4. DISCUSSION

In the COVID-19 pandemic, a large number of patients
required intensive care and a significant proportion of them
died [8]. Optimal care of patients during the pandemic
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period requires early diagnosis of patients at risk of severe
illness and identification of patients who may require ICU
admission and mechanical ventilation. In order to prioritise
these patients and use resources efficiently, the clinical
determinants of disease progression need to be well
understood. This is particularly important when considering
which patients should receive early and effective treatment.
This will help improve patient prognosis and limit the
devastating impact of the epidemic.

circulating lymphocytes [7, 11]]. As CRP levels have been
shown to be elevated prior to the onset of lymphopenia, the
LCR may be sensitive to detect the early part of the
inflammatory cascade. Therefore, a low LCR representing
systemic inflammation may be a marker for in-hospital
complications and mortality [12]. In our study, we tested the
comparison of LCR with other COVID markers in a large
data pool of patients in our hospital cohort, its value in
and mortality, and its

Variable Total (n=883) Survived (n=640) Exitus (n=243) p-value
Values expressed as n (%) or mean+SD

Creatinine, mg/dL 1.3+1.1 1.1+0.8 1.8+1.6 <0.001
ALT, U/L 47.3£107.5 37+39.9 74.44191.5 0.003
AST, U/L 71+239.2 41+34.5 151.3+446 <0.001
Albumine, g/L 3.7+2.6 3.9+2.4 3.4+3 0.017
LDH, U/L 421.4+624.1 303.4+111.7 733.3+1120.2 <0.001
CRP, mg/L 96.8+90.6 72.2467.3 161.8+109.9 <0.001
WBC, x 103/mm?3 8.545.9 6.7+3.2 13+8.4 <0.001
Haemoglobin, g/dL 12.3x2.1 12.7x1.9 11.4+2.3 <0.001
Platelet, x 103/mm?3 219.3+94.9 219.2+85.4 219.7+116.7 0.954
Lymphocyte, x 103/mm?® 1159.8+1031.8 1169.3+549.3 1134.3+1755.9 0.761
NLR 8.8+9 6.1+5.3 15.9+12.2 <0.001

CAR 30.9+34.3 20.8+20.6 57.7+46.6 <0.001

PLR 250.2+164.2 230.1+145 303.5+197.4 <0.001

LCR 44+67.8 54.4+73.8 16.4+36.5 <0.001
D-dimer, ug/L 1210.3+4242.5 482.6+1057 3125+7587.8 <0.001
Fibrinogen, g/L 491.1+194.6 475+166.1 523.1+238 0.007
Ferritin, ng/mL 455.5+1219.4 337.4+408.1 1288.243173.1 0.006
IL-6, pg/mL 323.7+962.3 38.8+40.3 608.6+1302.3 <0.001

ALT: alanine aminotransferase; AST: aspartate aminotransferase; LDH: lactate dehydrogenase; CRP: C-reactive protein; WBC:
white blood count; NLR: neutrophil lymphocyte ratio; CAR: CRP albumin ratio; PLR: platelet to lymphocyte ratio; LCR: lymphocyte

to CRP ratio); IL-6: interleukin 6.

Table 7: ROC Analysis Result of Laboratory Data Affecting Mortality

Risk Factor AUC (95% ClI) Cut-off p-value Sensitivity (%) Specificity (%)
CRP 0.764 (0.728-0.800) >116.5 <0.001 60.9 79.0
D-dimer 0.829 (0.798-0.860) >458 <0.001 72.8 815
NLR 0.816 (0.784-0.849) >8.9 <0.001 67.5 81.2
PLR 0.613 (0.569-0.658) >210.91 <0.001 63.8 58.7
CAR 0.780 (0.745-0.816) >37.10 <0.001 60.5 82.6
LCR 0.806 (0.776-0.835) <8.83 <0.001 65.0 74.3

CRP: C-reactive protein; NLR: neutrophil lymphocyte ratio; CAR: CRP albumin ratio; PLR: platelet to lymphocyte ratio; LCR:
lymphocyte to CRP ratio).

Although the lung is the main target organ in COVID-19
disease, COVID-19 is now recognised as a multi-system
infection involving the haematological and immunological
systems. As the prognosis of COVID-19 disease depends on
the response of the haematological system, it is not
surprising to see changes in routine blood tests. Some
parameters can be used to differentiate disease severity [9,
10]. SARS-CoV-2 has been shown to cause lymphopenia by
directly causing cytotoxic-mediated destruction of

compatibility with the literature.

A meta-analysis of 16 studies reported that 251 of 1832
patients died and the crude mortality rate was 13.7% [13].
The mortality rate in hospitalized patients reported by Zhou
et al. was 28.3% [14]. There are studies in which the
mortality rate can reach 61.5% in critically ill patients with
COVID-19 [15]. Data from China and Italy showed that
COVID-19 mortality occurs mostly in adults aged 60 years
and older [16]. In our study, in accordance with the
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literature, the mortality rate increased with increasing age,
and it was significantly higher than in other age groups,
especially over 65 years of age, with a mortality rate of
46.3% in the group of patients over 65 years of age. In our
study of hospitalised patients, the mortality rate was 27.5%,
which is in line with the literature. Age is an independent
predictor of both ICU stay and mortality. The reason for
these different mortality rates may be due to the different
sample sizes and case inclusion criteria used in the studies.
Previous studies have shown that decreased immunity and
underlying comorbidities in elderly patients may have an
impact on poor prognosis [17, 18].

admission and a 2.53-fold increase in mortality.

When Xie et al. examined the effect of hypoxaemia on
mortality in COVID-19 patients; they reported a strong
association between hypoxaemia and worse clinical
outcomes. As patients' hypoxaemia worsened, the length of
stay in intensive care and mortality increased. They found
that dyspnoea was also independently associated with
mortality in multivariate analyses [22]. In our study, we
observed that patients with high hypoxaemia on the first day
of hospitalisation had significantly longer ICU follow-up
and were more likely to die. Similarly, we found that the
presence of dyspnea increased ICU admission 1.65 times

Table 8: Evaluation of Risk Factors Affecting Mortality

Variable Univariate Multivariate
Odds ratio (95% CI) p-value Odds ratio (95% CI) p-value
Age 1.06 (1.05-1.07) <0.001 1.07 (1.02-1.11) 0.002
Gender
Female Reference -
Male 1.09 (0.81-1.47) 0.576
Comorbidity 2.53 (1.87-3.43) <0.001 0.80 (0.29-2.19) 0.657
Fever 2.27 (1.64-3.14) <0.001 3.30 (1.21-8.95) 0.019
Cough 0.43 (0.32-0.59) <0.001 0.82 (0.30-2.22) 0.693
Respiratory Distress 2.23 (1.65-3.01) <0.001 2.50 (0.88-7.08) 0.085
Creatinine 1.84 (1.51-2.24) <0.001 1.20 (0.61-2.38) 0.595
ALT 1.01 (1.00-1.02) <0.001 1.00 (0.99-1.01) 0.707
LDH 1.007 (1.006-1.008) <0.001 1.005 (1.002-1.009) 0.003
CRP 1.012 (1.010-1.014) <0.001 1.009 (0.992-1.025) 0.312
WBC 1.27 (1.22-1.33) <0.001 1.10 (0.94-1.29) 0.219
Lymphocyte 1.00 (1.00-1.00) 0.655
NLR 1.18 (1.15-1.21) <0.001 0.99 (0.89-1.10) 0.803
D-Dimer 1.001 (1.000-1.002) <0.001 1.000 (1.000-1.001) 0.739
IL-6 1.014 (1.008-1.021) <0.001 1.008 (1.001-1.015) 0.030
Tomographic involvement 0.75 (0.64-0.89) 0.001 0.53 (0.07-3.95) 0.538
PLR 1.003 (1.002-1.004) <0.001 1.001 (0.996-1.005) 0.760
CAR 1.039 (1.032-1.045) <0.001 0.983 (0.935-1.034) 0.503
LCR 1.077 (1.055-1.100) <0.001 1.000 (0.900-1.110) 0.990

ALT: alanine aminotransferase; LDH: lactate dehydrogenase; CRP: C-reactive protein; WBC: white blood count; NLR: neutrophil
lymphocyte ratio; CAR: CRP albumin ratio; PLR: platelet to lymphocyte ratio; LCR: lymphocyte to CRP ratio); IL-6: interleukin 6.

Many researchers have pointed out that COVID-19
infections are more severe and have a high mortality rate in
people with comorbidities such as hypertension,
cardiovascular disease, obesity, diabetes, and cancer. Other
predisposing conditions include autoimmune disease,
chronic kidney disease, and chronic lung disease such as
asthma, neurological conditions such as dementia, liver
disease, Down syndrome and alcohol use [19-21]. The most
common comorbidities among the patients in our study were
HT, DM, renal failure and malignancy. It was observed that
patients with DM, CKD, heart failure, PAH, SVO, COPD
and solid tumours were more likely to be admitted to the
ICU and these patients had significantly higher mortality.
Consistent with the literature, the presence of comoborditis
alone was associated with a 2.18-fold increase in ICU

and mortality 2.23 times.

In a meta-analysis of 32 studies with 10,491 confirmed
COVID-19 patients, lymphopenia, thrombocytopenia, and
elevated D-dimer, CRP, PCT, creatinine kinase, AST, ALT,
creatinine, and LDH were associated with worse clinical risk
[23]. In another study conducted in our country, AST, ALT,
LDH, ferritin, INR and d-dimer levels were found to help
predict disease severity in COVID-19 [24]. Yang et al.
reported that age, WBC, NLR, LMR (lymphocyte-monocyte
ratio), PLR, CRP and d-NLR (derived NLR ratio) ratios
were significantly higher in severe patients than in other
patients, while the lymphocyte count was significantly lower
[24]. Wang et al. reported that CAR was significantly higher
in severe COVID-19 patients than in the non-severe group.
Multivariate regression analyses also showed that CAR is an
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independent risk factor for COVID-19 severity [25].
Consistent with the literature, in our study, creatinine, ALT,
AST, LDH, CRP, leukocyte count, D-dimer, ferritin, IL-6,
NLR, CAR, PLR levels were significantly higher in patients
followed up in the ICU and in patients with a fatal outcome
(p< 0.05). LCR, haemoglobin and albumin levels were
significantly lower in ICU patients (p<0.05). LCR, CRP,
CAR and NLR were found to be moderate (70-80%) and D-
dimer good (80-90%) predictors of ICU stay. Patients with
a fatal outcome were found to have poor PLR (60-70%),
moderate CRP and CAR (70-80%) and good (80-90%)
LCR, NLR and D-dimer. In univariate analysis, age,
presence of comorbidity, cough, shortness of breath, ALT,
LDH, CRP, WBC, D-dimer, IL-6 elevation, NLR, PLR and
CAR increase, CT uptake and decrease in LCR were found
to be significant in predicting ICU admission and mortality.
Jemaa et al. found a higher CLR in ward patients compared
with healthy controls. They also observed a significant
increase in CLR in patients who were followed up in the
ICU, when comparing ward and 1CU patients. Importantly,
this study observed that the CLR remained high in the group
that died, whereas these values returned to normal more
quickly in the surviving patients [26]. Similar results have
been documented in other studies showing that the LCR can
discriminate between COVID-19 infected patients of
different severity (mild/moderate, severe and critically ill)
[27, 28]. In a cohort of 84 patients, Turan et al. investigated
the relationship between the rates of various biomarkers and
COVID-19 severity, mortality and need for intensive care.
The LCR measures disease severity (AUC = 0.766, p <
0.001, sensitivity 89.29%, specificity 53.57%), mortality
(AUC = 0.696, p = 0.029, sensitivity 45.45%, specificity
90.41%), and ICU need (AUC =0.746, p <0.001, sensitivity
92.31%, specificity 49.30%) [29]. Miao Yang et al. found
similar results in a cohort of 108 patients [30]. In our study,
in agreement with the literature, LCR predicted ICU follow-
up (AUC = 0.743, p < 0.001, sensitivity 71.2%, specificity
68.9%) and mortality (AUC = 0.806, p < 0.001, sensitivity
65%, specificity 74.3%). The LCR was significantly lower
in the intensive care unit group and in patients with a fatal
outcome.

Both NLR and LCR are used to highlight a relative
lymphopenia compared with elevated neutrophil counts and
CRP levels. The LCR is more sensitive in detecting the early
part of the inflammatory cascade, as CRP levels have been
shown to rise before neutrophilia or lymphopenia occurs.
Based on this information, we thought that LCR would be a
better marker than both NLR and CRP. However, in our
study, NLR and CRP were better at predicting both ICU
follow-up and mortality. In the study by Turan et al, similar

to our study, NLR and CRP were better at predicting poor
clinical outcome and mortality [29]. We attribute this to the
fact that the data of our patient population were obtained
from the examination of patients on the day of admission
with clinical deterioration, and not at the early stage of the
disease when the diagnosis of COVID-19 was made.

It is also important to note that although a high NLR is
known to be associated with the severity of COVID-19-
related complications, its use may be limited in certain
situations. For example, patients on high-dose steroids may
have a falsely elevated NLR due to neutrophilia. Similarly,
the NLR may be falsely suppressed in immunocompromised
patients with neutropenia due to bone marrow infiltration
from chemotherapy or primary malignancy. In these cases,
the LCR may be a reliable marker for estimating disease
severity, as it is not affected by the above confounding
factors. However, both LCR and NLR values should not be
used as absolute indicators and require interpretation in the
clinical context. Early prediction of in-hospital
complications can help in the timely and effective allocation
of available resources. Physicians can take therapeutic
measures in patients with increased NLR and decreased
LCR. As all of the data in our study were obtained from the
blood tests taken on the first day of hospitalisation, before
the patient received steroid treatment, there was no steroid-
induced false elevation of NLR.

Some limitations of our study should be mentioned. This
study was a single-centre, retrospective study. Thus, the
possibility of missing asymptomatic or mildly affected
patients, the inability to monitor parameter changes in
patients with rapid clinical exacerbation based on a single
blood result, and the uncertainty of the effect of patient
comorbidity and treatment on blood results were the
limitations of the study.

In conclusion, low LCR and high D-dimer, NLR and CAR
can be used in clinical monitoring to reduce morbidity and
mortality rates due to COVID-19. In patients with low LCR
or high NLR, early supportive treatment can be applied to
improve a better prognosis and reduce mortality and costs.
The ease of measurement and low cost of these markers may
increase their utility. Despite the large number of patients
here, prospective studies with larger patient series are
needed to more clearly reveal the relationship between LCR,
NLR, CAR and D-dimer levels, and the presence of COVID-
19 and disease severity.
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